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Table 1: Comparison of metabolites of U. lactucain winter and spring

Metabolites Winter Spring Mean Differences p value
Chla(mgg?) 0.28+0.01 0.15+0.02 0.14 0.000*

Chlb (mg g?) 0.21+0.02 0.10+0.02 0.11 0.000*
Carotenoids (mg g1) 0.07+0.003 0.05+0.003 0.02 0.000*
Soluble Carbohydrates (mg g1) 1.48+0.06 1.93+0.08 0.44 0.000*
Proteins (ug g%) 1.72+0.10 1.19+0.03 0.54 0.000*
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* The difference of means with the independent-samples T test is significant at the 0.05 level
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Table 2: Comparison of metabolites of S. vulgare in winter and spring

Metabolites Winter Spring Mean Differences p value

Chla (mg g?) 0.23+0.02 0.46+0.05 0.24 0.000*

Chl ¢ (mg g%) 0.09+0.01 0.24+0.03 0.15 0.000*
Carotenoids (mg g2) 0.01+0.002 0.03+0.004 0.02 0.000*
Soluble Carbohydrates (mg g%) 0.98+0.11 0.91+0.10 0.08 0.350M
Proteins (ug g% 1.05+0.14 0.75+0.09 0.30 0.033*
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Figure 1: Comparison of the amount of metabolites of U. lactuca and S. vulgare in winter and spring. The amount of

chl a, carotenoid, soluble carbohydrates and total protein for both species and the amount of chl b for U. lactuca and
chl ¢ for S. vulgare are shown. Different letters on the graph indicate the significant difference of the samples with
Duncan's multiple range test at the significance level of 0.05.
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Table 3: Comparison of metabolites identified in the essential oil of U. /actucain winter and spring

Winter Spring
Retention Area Retention Area
Time Compound Time Compound
! (%) - (%)
(min) (min)
9.69 3.97 Heptane, 3-Methyl 10.00 4.90 Heptane, 3-Methyl
10.23 4.48 Cyclopentane, 1-ethyl-3-methyl- 10.52 3.86 Cyclopentane, 1-ethyl-3-methyl-
10.97 20.62 Octane 11.10 20.69 Octane
11.82 0.28 Cyclopentane, propyl- 12.15 0.20 Cyclopentane, propyl-
12.99 0.19 m-Xylene 13.23 0.18 m-Xylene
16.82 0.13 Toluene, m-ethyl- 17.00 0.14 Toluene, m-ethyl-
17.28 0.35 Octane, 4-ethyl-
17.28 0.97 Nonane, 5-methyl- 17.50 0.69 Nonane, 5-methyl-
17.44 0.13 Nonane, 2-methyl- 17.64 0.07 Nonane, 2-methyl-
17.58 0.23 Octane, 3-ethyl-
17.74 1.42 Nonane, 3-methyl- 17.96 1.00 Nonane, 3-methyl-
18.37 0.26 Hemimellitene
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Winter Spring
Retention Retention
Time Aorea Compound Time e Compound
: (%) ; (%)
(min) (min)
18.44 0.40 1-Decene
19.15 19.63 Decane 19.54 16.77 Decane
19.42 0.11 2-Decene, (2)- 19.79 0.11 4-Decene
20.27 0.11 Cyclopentane, pentyl- 20.54 0.12 Cyclopentane, pentyl-
20.78 0.12 Toluene, m-propyl-
21.85 0.09 0-Xylene, 4-ethyl- 22.04 0.30 0-Xylene, 4-ethyl-
22.79 0.15 p-Xylene, 2-ethyl-
22.93 4.03 Undecane 23.23 3.21 Undecane
23.24 0.06 Prehnitene 23.29 0.23 Prehnitene
23.98 0.12 Decane, 3,6-dimethyl-
24.09 0.14 1-Phenyl-1-butene
24.45 0.11 Styrene, p-ethyl-
24.77 0.17 Decane, 4-ethyl-
24.99 0.66 Undecane, 5-methyI-
25.19 0.61 2,6-Dimethyldecane
25.54 0.65 Undecane, 3-methyl- 25.74 0.53 Undecane, 3-methyl-
26.10 0.13 Cyclododecane
26.25 1.18  Cyclopentane, 1-hexyl-3-methyl- 26.48 1.05 Cyclopentane, 1-hexyl-3-methyl-
26.77 17.47 Dodecane 27.23 13.59 Dodecane
1,5- .
27.67 0.08 Dimethyldecahydronaphthalene 28.03 0.12  1,5-Dimethyldecahydronaphthalene
30.15 6.46 Tridecane 30.46 4.20 Tridecane
31.87 0.17 Tridecane, 5-methyl- 32.05 0.14 Tridecane, 5-methyl-
32.40 0.15 3,5-Dimethyldodecane 32.57 0.12 3,5-Dimethyldodecane
32.97 0.08 3-Tetradecene 33.14 0.14 1-Tetradecene
33.34 4.16 Tetradecane 33.61 3.34 Tetradecane
36.02 0.1 Pentadecane 36.15 0.1 Pentadecane
38.42 1.01 Hexadecane 38.58 0.82 Hexadecane
39.96 0.24 Maleic acid, monobutyl ester
40.18 0.61 9-Nonadecene
40.67 1.53 Hexadecanal
42.05 0.20 7,10,13-Hexadecatrienal
42.48 0.34 Octadecane 42.55 0.30 Octadecane
43.26 0.14 10,12-Hexadecadien-1-ol
43.55 0.14 Linolenic acid, methyl ester
43.65 0.39  Eicosapentaenoic acid, methyl ester
43.98 1.97 Linolenic acid
45.18 0.19 Palmitic acid
45,98 0.17 Eicosane 45.92 0.20 Eicosane
47.67 1.12 Phytol
49.50 0.11 Docosane 49.24 0.12 Docosane
53.72 0.12 Tetracosane
53.89 0.23 1,3,5-Triphenyl-1,5-pentadione
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Table 4: Comparison of metabolites identified in the essential oil of .S. vu/gare in winter and spring

Winter Spring
Retention Retention
Time Area Compound Time Area Compound
. (%) : (%)
(min) (min)
9.91 6.06 Heptane, 3-Methyl 9.76 1.92 Heptane, 3-Methyl
1040 535 Cyc"’perr‘;ae?ﬁilll_'emy"s' 1030 156 Cyclopentane, 1-ethyl-3-methyl-
10.93 12.81 Octane 11.04 20.48 Octane
13.09 0.14 m-Xylene 13.09 0.16 m-Xylene
16.50 0.20 Octane, 2,6-dimethyl-
16.88 0.20 Toluene, m-ethyl-
17.18 0.57 Octane, 4-ethyl- 17.21 0.20 Octane, 4-ethyl-
17.41 1.28 Nonane, 5-methyl- 17.41 0.42 Nonane, 5-methyl-
17.87 1.80 Nonane, 3-methyl-
18.30 0.22 Hemimellitene
19.28 14.39 Decane 19.29 14.22 Decane
19.66 0.10 3-Decene
20.42 0.11 Cyclopentane, pentyl-
21.62 0.11 B-Cymene
21.92 0.15 0-Xylene, 4-ethyl- 21.97 0.05 0-Xylene, 4-ethyl-
23.09 3.53 Undecane 23.07 1.84 Undecane
23.86 0.12 Decane, 3,6-dimethyl-
25.08 0.72 Undecane, 5-methyl- 25.14 0.30 Undecane, 5-methyl-
25.63 0.63 Undecane, 3-methyl- 25.68 0.28 Undecane, 3-methyl-
2637  1.22 Cyc'c’pe”r:g;ﬁyll_'hexy"‘?' 2643 0.3 Cyclopentane, 1-hexyl-3-methyl-
26.99 12.83 Dodecane 26.94 10.80 Dodecane
29.35 0.37 B-Phenylpropiophenone
30.34 5.53 Tridecane 30.30 3.28 Tridecane
31.81 0.25 3-Phenylbutyrophenone
31.91 0.22 Tridecane, 5-methyl-
32.45 0.21 Tridecane, 3-methyl-
33.03 0.19 1-Tetradecene 33.09 0.11 5-Tetradecene, (E)-
33.50 5.10 Tetradecane 33.48 222 Tetradecane
36.14 0.11 Pentadecane
37.56 0.22 Lauric acid
37.76 0.10 Pentadecane, 3-methyl-
38.48 1.79 Hexadecane 38.52 0.64 Hexadecane
39.52 0.11 Norphytan
39.79 2.70 2-Vinylbenzophenone
40.43 0.10 Undecane, 2-phenyl-
40.51 0.26 Heptadecane 40.60 0.09 Heptadecane
40.97 0.11 Dodecane, 6-phenyl-
41.05 0.17 Dodecane, 5-phenyl-
41.29 0.12 Dodecane, 4-phenyl-
41.69 3.72 Ethanone, 2-hydroxy-1,2-diphenyl-
41.89 0.16 Heptadecane, 3-methyl-

41.91 6.67 2-Hydroxy-2-phenylethyl benzoate
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Winter Spring
Retention Retention
Time A(:'ea Compound Time R Compound
: (%) ; (%)

(min) (min)

42.45 0.79 Octadecane 4251 0.48 Octadecane

42.65 0.19 Phytan
42.79 2.75 1,3-Propanedione, 1,3-diphenyl-

42.81 0.11 Tridecane, 6-phenyl-
43.45 0.27 Pentadecanoic acid

4417 0.12 Nonadecane 44.26 0.11 Nonadecane

45.09 0.30 Palmitic acid 45.23 1.55 Palmitic acid
45.33 0.37  7-Phenylbicyclo[4.2.1]nona-2,4,7-triene
45.52 1.17 1,4-Butanedione, 1,4-diphenyl-

45.82 0.49 Eicosane 45.90 0.30 Eicosane

47.37 0.21 Heneicosane
48.00 0.75 13-Octadecenoic acid
48.40 0.31 Stearic acid

49.11 0.37 Docosane 49.22 0.14 Docosane

53.53 0.32 Tetracosane
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Abstract

The natural products of seaweeds have been taken into consideration due to their application in
various fields of medicine, nutrition, and agriculture in the world. Recent research has shown that
marine metabolites can form the future of the bioeconomy. There are many populations of Ulva
and Sargassum algae on the southern coasts of Iran, and therefore, in this research, the
populations of U. lactuca and S. vulgare were collected from the shores of Bushehr, and their
photosynthetic pigments, soluble carbohydrates, total protein and compounds in essential oils
were investigated in the winter and spring seasons. The results showed that S. vulgare in spring
and U. lactuca in winter had the highest amount of chlorophylls and total carotenoids. The
amount of soluble carbohydrates in U. lactuca significantly increased in spring compared to
winter. The amount of total protein in both species significantly increased in winter compared to
spring. The main components of the essential oils of both species included alkane hydrocarbons,
which often had a higher abundance percentage in winter. In spring, fatty acids and aromatic
compounds with phenyl ring(s) were observed in the essential oils of these species. Considering
the changes in the content of metabolites in these species along with seasonal changes, the present
results can be effective in the targeted selection of algal species and the appropriate harvesting
time for special applications.

Keywords: Biochemical changes, Seasonal changes, Seaweed, Persian Gulf, Gas
chromatography-mass spectrometry
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